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© An air transfer assembly for a gas turbine engine 
is provided. The assembly transfers temperature 
control air (21) from an annular plenum (20) to an 
annular manifold (22) through an air transfer tube 
(15) interposed therebetween. The air transfer tube 
(15) prevents temperature control air leakage even 
though it is permitted to slide between limits set by 
an air transfer bushing assembly (10) and a manifold 
cup (30) formed in the annular manifold (22). The air 
transfer bushing (10) is removable and is installed in 
an aperature in an outer support. The manifold cup 
(30) is formed in the annular manifold. 
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Field of the Invention 

_ ^^^; iates , in general, to gas turbin_e 
..nnines and more particularly, to means for pro 
r 9 an annul temperature oontrol air supply o 
Sine sections, especially turbine nozzles and 
turbine blades. 



Description^fjTe^rio^ 

A gas turbine engine described in US Patent 
Nos 4187,054 and 4,214,851, includes a fan 
powered by a low pressure turbine (LPT), a low 
Assure compressor (LPC), sometimes , ca ed 
Foster, that is also powered by the LPT, a hgh 
pressure compressor (HPC) powered b , a h.gh 
pressure turbine (HPT) and a combustor The 
combustor is supplied with fuel that is*^ 
compressed air from the HPC and .gnrted to pro 
Te hot combustion gas. As the hot combustio 
gas expands axially out of the gas turbine , angmj. rt 
impinges first on the HPT and second on the LPT. 
The HPT transfers some of the combustion energy 
to the HPC for compressing air used in generating 
1 combustion gas. The LPT extracts sorne : more 
energy from the combustion gas and uses it to 
power the fan and the LPC. The fan generates 
Lst and the LPC provides partially compressed 
ai to the HPC. The remaining energy contained in 
^ combustion gas exits the gas turbine engine 
and also provides thrust. The fan generally pro 
vides most of the thrust. 

During normal operation of the gas turbine 
engine, combustion gas is produced that can reach 
very high temperatures, typically .n excess of 
2000* F which would degrade the strength of the 
materials, typically metal, used to constr uct a gas 
turbine engine if steps were not taken ^ .reduce 
the material temperature. The present state of the 
art uses various cooling methods to prevent com 
oonents from reaching the temperature of the 
combustion gas. The cooling method anticipatec .n 
the present invention extracts air from the HPC I and 
ercutes it past the combustor to the HP and the 
LPT sections. Nonrotating blades, called either 
stator blades or a nozzle, are located betweer , the 
rotating blades of the HPT and the LPT to , effi 
ciently direct the combustion gas to the LPi 
Wades where energy is extracted from the com - 
bustion gas. All parts of the HPT and the LPT must 
be efficiently cooled to prevent material degrada- 
tion. The need to use the compressed a, from the 
HPC for cooling reduces the efficiency of the gas 
turbine engine, so it is desirous to provide a cool - 
no system that does not extract more air from he 
HPC ; ttan is necessary to perform the cooling 
function. 



Air transfer tubes, also known as spoolies, are 
„Zl use6 to dispense temperature control a.r 
KTS r JEL * -PPly to an annular turb.e 
nozzle formed of segmented turbine nozzle sec 
5 tions The temperature control air is supplied 
5 a Teed system connected to a HPC section of the 
engine. The temperature control a, . lad* an 
annular supply system located around a turbme 
section and having one side formed, in part from 
w a n annular nozzle support. There are >se grnented 
turbine nozzle sections, each having its own 
Infold that provides temperature control air to 
The enter of the nozzle blades in that section. In 
order to supply the temperature control a.r to the 
„ manifolds on the segmented nozzle sections, there 
" H least one air transfer tube that conducts 
the manifold. Each air transfer tube can be inter 
erence t at the manifold and at the annular nozzle 
sup rt to prevent temperature control air leakage 
20 The air transfer tubes are permitted to slide be- 
20 lean slide stops as the turbine nozzle se*on 
expands and contracts relative to the annular tern 
peratu control air supply manifold^ Presently an 
Jr transfer bushing is spot-welded intc , an i a - 
25 erture in the annular support and has an intenor 
surface where a circumferential groove or keys 
ocated to act as a retaining ring seat. A VJJJ- 
,oaded retaining ring engages the key ^ forms a 
slide stop to prevent the air transfer tube from 
30 veli g past the end of the bushing. A problem 
arises because multiple temperature cycles be- 
ZZ ambient air temperatures and combusfon a,r 
temperatures of the engine create stress con 
ceTa ions at the spot welds on the bushing which 
35 Sen act as initiation sites for cracks that propagate 
35 o h surrounding structure. The cracks are ver 
difficult and expensive to repair because of their 
location in the engine. 



40 Summary of the Invention 



Having regard to the above, the present in- 
vention provides in one respect a replaceable air 
ranker assembly for use in a gas turbine engine 
45 for providing temperature control air to eng.ne parts 
comprising: 

a) an annular plenum; 

b) at least one air transfer tube having a proxi- 
mal end and a distal end and coupled m flow 
communication of said distal end w.th said an - 

n c)an— ; support dista.ly located from said 
engine parts and adapted to receive and 
slideably engage said distal tube end, 
d) an annular manifold proximally located to said 
engine parts and adapted to receive and 
slideably engage said proximal tube end^ s d 
proximal end being in flow commun.cat.on with 



3 



EP 0 542 403 A1 



4 



said engine parts; 

e) means for confining said transfer tube be- 
tween said annular support and said manifold 
thereby forming a slideable conduit for control 
air passage between said plenum and said 
manifold, whereby said confining means pre- 
vents stress concentrations from forming in said 
annular support; 

f) means for preventing control air leakage; and 

g) means for replacing said confining means. 

In another aspect, the invention provides a 
replaceable air transfer bushing assembly for use 
in a gas turbine engine for providing temperature 
control air to engine parts and that has a support 
having an outer surface and in inner surface and 
having an aperture and that has an air transfer 
tube, comprising: 

a) an aperture insertable axial bushing, generally 
tubular in shape, having proximal and distal 
ends and a radially extending annular flange 
located medially between said proximal end and 
said distal end; 

b) a plurality of slots having a generally uniform 
width each extending from said proximal end of 
said bushing in a generally axial direction to 
circumferentially similar termination locations 
proximal to said annular flange; 

c) means for clamping said proximal bushing 
end to said support, whereby said clamping 
means prevents stress concentrations from for- 
ming in said support; 

d) a key on said bushing being located distally 
from said annular flange; 

e) a sleeve adapted to insertably mate with said 
bushing and siideably engage said transfer tube; 
and 

f) means for releaseably securing said sleeve in 
said bushing. 

In accordance with the invention, a method to 
eliminate the welds, to make the air transfer as- 
sembly tolerant to the cycling between temperature 
extremes experienced in a gas turbine engine and 
to make the bushings replaceable has been de- 
vised. 

The present invention eliminates the welds and 
permits the air transfer tube to be replaced. The 
present invention also provides improved perfor- 
mance and minimizes installation and maintenance 
costs. 

Accordingly, features of this invention are to 
eliminate or reduce welds from a gas turbine en- 
gine air transfer assembly; to provide a gas turbine 
engine having an air transfer assembly that is re- 
placeable; and to provide a gas turbine engine 
having an air transfer assembly that is replaceable; 
and to provide a gas turbine engine having an air 
transfer assembly that is easily produced and 
maintained. 



In carrying out this invention, in one form 
thereof, an air transfer bushing assembly for a gas 
turbine engine, including an air transfer tube is, 
interposed between an annular plenum and an an - 

5 nular manifold. The annular plenum interfaces with 
an air transfer bushing assembly that holds one 
end of the air transfer tube. The annular manifold is 
adapted to hold the other end of the air transfer 
tube. The air transfer tube is permitted to slide in 

w response to relative motion between the outer 
support and the annular manifold. Leakage of 
temperature control air is prevented by an inter- 
ference fit at each end of the air transfer tube. On 
one end of the bushing, there is a hook formed on 

75 an outer circumference and a series of slots that 
engage the outer support when expanded by the 
insertion of a sleeve. The other end of the bushing 
has a key that receives a retaining ring that pre- 
vents disengagement of the air transfer bushing 

20 assembly. 

In a preferred embodiment, the air transfer 
bushing has an annular flange that is located me - 
dially along the axis of the bushing. During in- 
stallation, the air transfer bushing is inserted in an 

25 aperture in the annular support to a depth that 
causes the annular flange to abut an outer surface 
of the outer support. A sleeve is inserted coaxially 
inside the bushing and expands the slotted ends 
out radially causing the hook to engage an inner 

30 surface of the outer support. The sleeve is pre- 
vented from disengaging during engine operation 
by the retaining ring and a washer. The bushing 
assembly can be removed later by compressing 
the retaining ring and removing the washer and the 

35 sleeve. 

The air transfer tube provides an air transfer 
conduit that is tolerant to the dimensional variations 
between the plenum and the manifold. These vari - 
ations are caused by temperature differences and 

40 stresses that are normal in the engine. One end of 
the air transfer tube is interference fit in a cup- 
shaped structure incorporated in the manifold that 
is attached to a segmented turbine nozzle section. 
The other end of the air transfer tube is circum- 

45 ferentially aligned around the gas turbine engine 
with the air transfer bushing and is interference fit 
into the sleeve. Both ends of the air transfer tube 
are permitted to slide between mechanical limits or 
slide stops incorporated along each end. The air 

50 transfer tube, thereby, allows temperature control 
air to pass from the annular plenum to the manifold 
substantially without leakage even when the ple- 
num and manifold expand or contract relative to 
each other. 

55 
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BR|E^_DESCRIPT]ON^ 

The novel features of the invention are set forth 
with particularity in the appended claims. The nn - 
Mention, itself, both as to organization and method 
of operation, together with further objects and ad 
vantages thereof, may best be understood by ref- 
erence to the following description taken in con - 
junction with the accompanying drawings m which 

FIGURE 1 illustrates a cut-away section of a 

turbine nozzle section of a gas turbine engine 

including an air transfer assembly. 

FIGURE 2 illustrates a cross section of an air 

transfer bushing assembly. 

FIGURE 3 illustrates a cross section of a dis 

assembled air transfer bushing assembly. 

DESCRIPTION_OT^^ 
MENTS 



Referring now to the figures wherein like ref - 
erence numerals have been used throughout to 
designate like parts. Figure 1 shows a cut-away 
2n of a low pressure turbine (LPT) 15 o an 
axial flow gas turbine engine (not shown). The LPT 
section 150 is oriented in a generally rad.al direc- 
tion from or perpendicular to the combustion gas 
flow 111 and the engine axis (also no : sh amy 
Temperature control air 21 from plenum 20 f lows to 
hollow section 115 through air transfer tube 15 and 
manifold cavity 22. Air transfer bushing assembly 
o^r support 25 and slideabjy 
engages distal end 19 of air transfer tube 15. Air 
transfer bushing assembly 10 can be replaced , 
desired. Proximal end 17 of air transfer tube 15 
slideably engages manifold 30. Manifold 30 is in - 
tegrally connected to nozzle outer band 105 and 
!o?ms part of a manifold cavity 22 that .s in flow 
communication with hollow section 115. Tempera - 
ture control air 21 from plenum 20 flows to hollow 
section 115 without leakage when the outer support 
25 moves relative to nozzle outer band 105. Air 
transfer tube 15 provides a flow conduit that ac- 
commodates the relative movement between .outer 
support 25 and manifold 30, because it is sl.deably 
engaged at both of its ends 19, 17, respectively^ 

Figure 2 illustrates a detailed cross section of 
air transfer bushing assembly 10 that is shown 
fully assembled. Temperature control a.r 21 from 
plenum 20 passes to manifold cavity 22 through air 
Ser tube 15. Proximal end 17 of air transfer 
tube 15 slideably engages manifold cup 75 and is 
nterference fit at 70. An interference fit is created 
btsizing the outer radial dimension R1 of proximal 
end 17 of air transfer tube 15 to be minimally 
larger than inner radius R2 of sleeve 40 and 
Sold cup 75 yet still permit sliding mot,on 
a^ong an axis A- A which is generally perpendicu- 



lar to the axis of the axial flow gas turbrne engine 
not shown). It should be understood by one skU ed 
n the art hat, at the installation temperature, the 
^difference between R1 and 
on the overall dimensions of air WnsteMube 15. 
sleeve 40, and manifold cup 75, and that R1 and 
R2 will be within the following limits: 

OSR, - R2 i .004 inch, 

when R1 is approximately 5 inch. At normal 
operating temperatures, the overall 
described above will vary depending on the ther 
mal properties of the materials used to conduct 
„ The air transfer assembly and are genera, y chosen 
such that air transfer tube 15 will be free to slide in 
Response to motion between annular ou £ ^support 
25 and manifold 30 while ma.nta.nmg a tight fit that 
will minimize cooling air loss. Air transf er tube 15 « 
20 prevented from sliding beyond l.m.t part 74 at 
oottom 71 of manifold cup 75 by axial abutment at 
limit point 74. Manifold cup 75 .8 connected to 
manifold 30 by a compression weld or other con- 

nection means at 77. ,-^ 0 ui v , 
Distal end 19 of air transfer tube 15 sl.deably 



25 



UlSiai enu io 

engages air transfer bushing assembly 10. A. 
transfer bushing assembly 10 is 
sleeve 40, bushing 35. retain.ng ring 50 and washer 
45 Air transfer bushing assembly 10 releaseably 
30 e gages aperture 91 in outer support 25 Proxima 
en" 95 of bushing 35 has a series of s ots 85 
(shown in Fig. 3) located around its crcumference 
hat permit hook 60 to move toward or away from 
axis P A - A for installation or removal. ApjrtaW « 
35 has an outer bevel 93 and an inner bevel 92 that 
facilitate the installation and operation of sir transfe 
bushing assembly 10. Air transfer bushing 35 .s 
generally tubular in shape and is generally sym - 
metrical about axis A -A. Air transfer bush.ng 35 
40 has an annular flange 55 that » located mediaHy 
along axis A- A and distal from term.nat.on location 
86. Flange 55 is generally uniform .n shape, -s 
substantially parallel to the engine ax.s (not hown 
and extends out radially from ax.s A-A. Prox,mal 
45 end 95 of air transfer bushing 35 has a hook 60 
that extends radially outward from ax.s A - A and .s 
adapted to engage inner surface 24 o outer sup- 
port 25. inner surface 24 is substant.al.y parallel to 
the engine axis (not shown) and to outer surface .28 
50 of outer support 25. Together outer surface 26 and 
inner surface 24 form a substant.ally flat and par 
allel mating surface that is seated between inner 
surface 56 and hook 60 respective* when 
sleeve 40 is installed. Outer surface 62 of sleeve 
55 40 engages inner surface 61 on air transfer bush - 
ing 35 during installations and causes hook 60 to 
engage inner surface 24 thereby seating a,, -*ans - 
fer bushing 35 in aperture 91. D.stal end 100 of a.r 
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transfer bushing 35 is in flow communication with 
plenum 20 and has a circumferential groove 52, 
also referred to as a key, that has a top surface 51 
and a bottom surface 53. Groove 52 is sized to 
receive retaining ring 50. Retaining ring 50 is 5 
spring - loaded and is removable from groove 52. 

Sleeve 40 has top end 89 and bottom end 96. 
Sleeve 40 is tubular in shape and generally axially 
symmetric about axis A -A. Sleeve wall thickness 
T1 is greater along top 89 than at tube wall thick - 10 
ness T2 along bottom 96. A conical surface 82 on 
sleeve 40 provides a smooth annular transition 
between thickness T1 of the top end 89 and thick - 
ness T2 of the bottom end 96 and acts as a stop 
during installation and operation. Bottom end 96 of 75 
sleeve 40 has a circumferential bevel 97 that fa- 
cilitates insertion in bushing 35. 

At installation and still referring to Figure 2, 
bevel edge 97 of sleeve 40 engages inner surface 
61 on air transfer bushing 35 in a force fit and 20 
causes hook 60 on the air transfer bushing 35 to 
expand and to engage inner surface 24 of outer 
support 25. Sleeve 40 is installed properly when 
there is axial and mating abutment between surface 
82 on sleeve 40 and mating surface 84 on air 25 
transfer bushing 35. Sleeve 40 is prevented from 
unintentional dissociation from bushing 35 by axial 
abutment of sleeve 40 with washer 45 that is in - 
terposed between sleeve 40 and retaining ring 50. 
Retaining ring 50, likewise, abuts top surface 51 of 30 
groove 52 in air transfer bushing 35. Any axial load 
is thereby transferred to outer support 25 through 
air transfer bushing 35 when hook 60 engages 
inner surface 24 of outer support 25. Washer 45 
has opening 88 that can be selected to meter the 35 
amount of temperature control air passing from 
plenum 20 to air transfer tube 15. Air transfer tube 
15 slide travel is controlled by axial abutment with 
washer 45 at 80. Distal end 19 of air transfer tube 
15 is also interference fit in sleeve 40 at point 65 40 
(shown in Fig. 2). The interference fit at both ends 
of air transfer tube 15 minimizes air leakage yet 
permits relative movement between sleeve 40 and 
manifold cup 75. 

At installation, as illustrated in Fig. 2, air 45 
transfer bushing 35 is inserted through aperture 91 
in outer support 25. Hook 60 passes through ap - 
erture 91. Sleeve 40 is then inserted axially in air 
transfer bushing 35. Sleeve 40 is inserted into air 
transfer bushing 35 and is advanced until surface 50 
82 abuts surface 84 on air transfer bushing 35. Air 
transfer tube 15 and washer 45 are installed and 
retaining ring 50 is compressed and fit into groove 
52. At this point, sleeve 40 and air transfer tube 50 
are prevented from disengaging from air transfer 55 
bushing 35 by axial abutment with washer surface 
80. Air transfer tube 15 is then free to slide be- 
tween inner surface 80 of washer 45 and bottom 74 



of manifold cup 75. 

Figure 3 illustrates a cross section of air 
transfer bushing assembly 10 shown disassembled. 
Air transfer bushing 35 is inserted through aperture 
91 in outer support 25. Hook 60 on proximal end of 
air transfer bushing 35 is not yet engaged with 
inner surface 24 of outer support 25. Flange 55 
abuts outer surface 26 of outer support 25 at 56 
which indicates that air transfer bushing 35 is 
properly installed in aperture 91. Sleeve 40 is 
shown partially inserted into air transfer bushing 35. 
As sleeve 40 is inserted farther, edge 97 on sleeve 
40 engages inner surface 61 of hook 60 and 
causes hook 60 to expand radially outward to en - 
gage inner surface 24, thereby seating air transfer 
bushing 35 in outer support 25. Hook 60 can ex- 
pand radially outward because proximal end 95 of 
bushing 35 has a series of slots 85 located around 
its circumference. Each slot 85 is generally uniform 
in width d and length I and extends from proximal 
end 95 in a general direction parallel to axis A- A 
medially to a termination location 86 that is similar 
for each slot 85. Further, insertion of sleeve 40 
causes transition surface 82 on sleeve 40 to abut 
mating surface 84 on air transfer bushing 35, which 
indicates proper installation of sleeve 40. Air 
transfer tube 15 is inserted in sleeve 40 until 
proximal end 17 engages manifold cup 75 at 74. 

Washer 45 is inserted and retaining ring 50 is 
installed in slot 52. Termination location 86 of slot 
85 has an increased radius which distributes the 
stress encountered by hook 60 during installation 
of sleeve 40 over a larger area thereby preventing 
initiation of cracks at this site. The shape of ter-> 
mination location 86 is generally smooth and 
rounded and small radii or sharp corners are 
avoided. A minimum diameter of termination loca- 
tion 86 is generally greater than twice the width d 
of slot 85. 

While this invention has been disclosed and 
described with respect to preferred embodiments 
thereof, it will be apparent to those skilled in the art 
that various changes and modifications may be 
made therein without departing from the scope of 
the invention as set forth in the appended claims. 

Claims 

1. A replaceable air transfer assembly for use in 
a gas turbine engine for providing temperature 
control air to engine parts comprising: 

a) an annular plenum; 

b) at least one air transfer tube having a 
proximal end and a distal end and coupled 
in flow communication of said distal end 
with said annular plenum; 

c) an annular support distally located from 
said engine parts and adapted to receive 
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and slideably engage said distal tube end; 

d) an annular manifold proximally located to 
said engine parts and adapted to receive 
and slideably engage said proximal tube 
end, said proximal end being in flow com- 
munication with said engine parts; 

e) means for confining said transfer tube 
between said annular support and said 
manifold thereby forming a slideable con 
duit for control air passage between said 
plenum and said manifold, whereby said 
confining means prevents stress concen - 
trations from forming in said annular sup 

port; . 

f) means for preventing control air leakage; 

and . 

g) means for replacing said confining 

means. 

2 A replaceable air transfer assembly in accor- 
dance with claim 1, wherein said confining 
means is adapted to function when there is 
relative motion between said annular support 
and said annular manifold. 

3 A replaceable air transfer assembly in accor- 
dance with claim 1 , wherein said annular sup 
port forms part of said annular plenum. 

4 A replaceable air transfer assembly in accor- 
dance with claim 1, including a plurality of air 
transfer tubes. 

5 A replaceable air transfer assembly in accor- 
dance with claim 4, wherein said plurality of 
said air transfer tubes are uniformly spaced. 

6 A replaceable air transfer assembly in accor- 
dance with claim 1, wherein said annular pie 
num is located adjacent to a gas turbine nozzle 
section. 



7 A replaceable air transfer assembly in accor - 
dance with claim 1, wherein said replacing 
means comprises: 

a) a bushing having a first end adapted to 
removeably engage said annular support 
and a second end having a key; 

b) a sleeve coaxially mated with said 
bushing and adapted to slideably receive 
said distal tube end; and 

c) a flat washer and a retaining ring adapted 
to removably engage said key, to prevent 
unintentional dissociation of said sleeve 
from said bushing and to limit tube travel. 

8 A replaceable air transfer assembly in accor- 
dance with claim 1, wherein said leakage pre 



vention means comprises an .nterference fi 
between said annular support and sa.d d.s al 
tube end and between said adapted annular 
manifold and said proximal tube end. 

5 9 A replaceable air transfer assembly in accor- 
dance with claim 1, wherein said conf.n.ng 
means comprises: 

a) a bushing having a first end connected to 
, 0 said annular support and a second end 

having a key; and 

b) a retaining ring adapted to engage said 
key thereby providing a slide stop for said 
distal tube end. 

75 10 A replaceable air transfer bushing assembly for 
use in a gas turbine engine for providing tern - 
perature control air to engine parts and that 
has a support having an outer surface and an 

20 inner surface and having an aperture and that 

has an air transfer tube, comprising: 

a) an aperture insertable axial bushing, 
generally tubular in shape, having proximal 
and distal ends and a radially extending 

25 annular flange located medially between 

said proximal end and said distal end; 

b) a plurality of slots having a generally 
uniform width each extending from said 
proximal end of said bushing in a generally 

30 axial direction to circumferential^ similar 

termination locations proximal to said an 
nular flange; 

c) means for clamping said proximal bush 
ing end to said support, whereby sa.d 

os clamping means prevents stress concen- 

trations from forming in said support; 

d) a key on said bushing being located 
distally from said annular flange; 

e) a sleeve adapted to insertably mate with 
40 said bushing and slideably engage sa.d 

transfer tube; and 

f) means for releaseably securing said 
sleeve in said bushing. 



45 11 A replaceable air transfer bushing assembly in 
' accordance with claim 10 wherein sa.d 
clamping means comprises an annular hook 
formed on said proximal bushing end such that 
when said bushing is inserted through said 
so aperture of said support, said flange abuts said 

outer surface and said hook radially expands 
to engage said inner surface of said support 
when said sleeve is insertably mated with said 
bushing. 

55 12 A replaceable air transfer bushing assembly in 
accordance with claim 10 wherein said secur- 
ing means comprises a flat washer and a re- 
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taining ring adapted to removably engage said 
key thereby providing an axial abutment 
means for said sleeve. 

13. A replaceable air transfer bushing assembly in 5 
accordance with claim 10 including means for 
providing an axial slide stop for said transfer 
tube. 

14. A replaceable air transfer bushing assembly in 10 
accordance with claim 13 wherein said slide 

stop means comprises said flat washer and 
said retaining ring. 

15. A replaceable air transfer bushing assembly in 75 
accordance with claim 10 including means to 
substantially eliminate crack initiation sites 
from said slot termination location. 

16. A replaceable air transfer bushing assembly in 20 
accordance with claim 15 wherein said elimi- 
nation means comprises an arcuate hole in- 
tersecting said termination location and having 

a diameter nearly twice said slot width. 

25 

17. A replaceable air transfer bushing assembly in 
accordance with claim 10 including means for 
preventing control air leakage. 

18. A replaceable air transfer bushing assembly in 30 
accordance with claim 17 wherein said pre- 
vention mean comprises an interference fit 
between said transfer tube and said sleeve. 

19. A replaceable air transfer bushing in accor- 35 
dance with claim 18, including: 

means for slideably engaging said transfer 
tube; 

means for limiting said transfer tube slide 
travel; and 40 
means for preventing control air leakage. 

20. A replaceable air transfer bushing in accor- 
dance with claim 19 wherein said prevention 
means comprises an interference fit between 45 
said transfer tube and said engaging means. 
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